Since 1967, when the theoretical predictions about new islands of nuclear stability1f2) became widely publicized, there has been steady growth of interest in methods by which Uranium and other heavy particles might be accelerated to ener ies in the range 7-10 MeV/AMU. Because "?Zn , accelerated by the large 310 cm Dubna cyclotron3 ) , is presently the heaviest element which can be passed over the Coulomb Barrier of Uranium, it is clear that the production of beams of 7 MeV/AMU Uranium nuclei requires massive equipment and represents a major challenge to the ingenuity of the machine builder.
During the past three years this challenge has been met in a variety of ways and number of new proposals have been written advocating the construction of major heavy ion facilities.
The extent of this activity and their successes can be seen in figure 1.
Cyclotrons have played a central role in many of these proposals and today I want to review briefly some of the characteristics of these machines.
It is necessary, however, to start with a few words about the types of ion source injectors which have been suggested and the importance of the accelerated ions charge state . The manner in which the accelerated charge state affects the size of a cyclotron can be seen from fi ure 4 2, taken from a paper by Livingston ).
Here, the K-factor needed is plotted against e/m for various final ion energies. It can be seen that a K of 3000 is needed if the cyclotron is to accelerate 238U ions to 7.5 MeV/AMU in a charge state of 12+.
The size of such a machine can be gauged from the fact that the K would be a factor of five greater than that of the largest existing or proposed cyclotron.
Dubna Isochronous Cyclotron
The group at Dubna have elected to build a large (400 cm) isochronous cyclotron which is modelled upon the present 200 cm machine4 Table II .
Effectiveness of Pre-Stripping
There exists now a large body of expcrimental data on charge exchange at high energies l O) . Figure 4 shows the mean ionic charge produced by a stripping foil of formvar an important consideration when the phase must be controlled accurately. Figure 9 shows a resonance chart derived from the dimension of an early 1969 design of the Indiana cyclotron.
It shows that the heavy ions have orbit frequence, f, in the range 1 to GMHZ.
Injection and Extraction
The introduction of pre-accelerated beams require that a number of conditions be met for satisfactory performance. Precise phase angle adjustment as well as proper energy injection is critical to success. The injection optics of the Indiana machine17) is shown in figure  10 . The arrangement is similar in principle to that used by other groups.
The beam enters along the centre of a valley and is deflected by two magnets which aligns the particle trajectories almost onto an equilibrium orbit in one of the magnetic sectors.
A final small electrostatic deflection bends the incident ions onto the equilibrium orbit.
There is no problem of striking the inflector because of the large energy gain per turn. the APACHE cyclotron For example, in turn at injection, 1 *) the radius gain per for a dee voltage of 250kV, is 11.6 ems when heavy ions with an e/m = 0.15 are being accelerated to 7.5 MeV/ AMU.
There is a complicated problem of matching the energy needed for charge exchange to the energy needed for injection. This is because the equilibrium charge state at the final stripper is dominated by energy of the ions leaving the injector, while the injection energy is fixed by the expression E, 1 Some proposals l i I l 8, are specifically planning to vary the injection radius so that the energy multiplication factor of the cyclotron can be varied. In contrast, when the same 4-sector structure is used for the acceleration of heavy ions, vz remains essentially constant in the range 0.94-0.97.
The only resonance which must be traversed is VR + 3vz = 4. This resonance is a nonlinear error resonance driven mainly by the fourth harmonic of d3B,/dr3 and by median plane error.
This resonance is not expected to be troublesome. Figure 12 gives the results of orbit calculations done at the University of Indiana for a 47" geometry taking into account a rounded field contour for a 3" gap.
Without doubt the resonance structure of a six-sector cyclotron is more attractive than that of a 4-sector machine. Figure 13 shows the resonance characteristics of the 6-sector machine proposed by the Midwestern group.
It can be seen that only three unimportant resonances are crossed when protons are accelerated from 10 MeV to 350 MeV. During the acceleration of all ions that are more massive than chlorine no resonance are crossed at all, Both four sector and six sector designs have been proposed by major groups.
The four sector machine is somewhat less expensive because it has fewer major components.
Six sector machines are more free of resonance instabilities, particularly for light ions, require lower r.f. power, and tend to be less critical of component placement. Generally, however, the necessity for 6-sector machine has been dictated by the desire to accelerate protons to energies above 200 MeV. If this desire can be resisted four sector devices appear to be the most economical choice.
Flat topping
Several of the proposed cyclotrons have included provisions to operate auxiliary dees at twice the fundamental frequency. Second harmonic addition which originated at the University of Indiana serves to flat-top the resultant energy gain wave-form so that there can be a net acceleration phase of up to 50° where the energy gain per turn is constant to 1:103. Figure 14 shows the results of calculations showing the addition of the harmonic signal with various amplitudes of the second harmonic assuming optimum phase alignment.
Alignment is in fact rather critical because relative errors between the fundamental and the second harmonic that are as small as 1" will cause errors that are comparable to those obtainable using the fundamental alone, Fig. 15 , Blosserig) has raised basic questions about the feasibility of achieving useful flat-topping while still living with the tolerance of practical magnet structures. It is the belief of the Michigan State group that no net gain is possible.
Basic Parameters
The basic parameters of a number of recent, large heavy ion accelerators is summarized in Table IV. The beam intensities that are predicted by various groups is listed in Table V 
